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Abstract
STEM (science, technology, engineering, and mathematics) education has become a
panacea for many woes in our country’s educational and economic systems. Each year
schools struggle with judiciously allocating their limited funds to various STEM
programs in hopes that they may reap academic returns. This study examined the effect
of a STEM certification from the AdvancED educational accreditation organization on
elementary student achievement. The researcher analyzed extant student achievement
data from twenty Georgia elementary schools that earned the AdvancED STEM
certification to investigate any statistically significant difference between pre-certification
and post-certification scores. The researcher analyzed scores from four content areas:
English Language Arts, Mathematics, Science, and Social Studies. By using an
independent sample t-test, the researcher concluded the AdvancED STEM certification
did not have a significant effect on the achievement levels in any content areas.
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Chapter I: Introduction
From the birth of our nation, political and educational leaders have considered
scientific and technological literacy to be of high significance (Gonzalez & Kunezi,
2012). The 20th century brought about changes in the United States education system that
reflected political and industrial desires for institutions to no longer produce graduates
with the same skill sets and knowledge base, but instead develop graduates who
possessed critical-thinking and problem solving skills and could adapt to an ever
changing world (Blackley & Howell, 2015). As various reports indicated deficiencies in
the American education system and highlighted the fact that American students were
falling behind many of their international counterparts, leaders sought alternative forms
of instruction that would close this achievement gap (Kuenzi, 2008; Williams, 2011).
This marked the emergence of science, technology, engineering, and mathematics
(STEM) education in the United States as a potential panacea to the ailing economic
woes potentially caused by the educational system.
Much research exists that indicated STEM education has a positive effect on
student achievement (Bodilly & Beckett, 2005; Olivarez, 2012; Wade-Shephard, 2016;
Young, House, Wang, Singleton, & Klopfenstein, 2011); however, the amount of money
allocated and spent on STEM initiatives has increased significantly, leaving many
educational leaders trying to justify the allocation of such an exorbitant amount of funds
(Solochek, 2012). In 2018, President Trump obligated $279 million for STEM education
and initiatives throughout the nation (U.S. Office of Science and Technology Policy,
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2018). These initiatives come in various forms and can range from professional
development that focuses on pedagogical shifts to after-school programming that
highlights one of the STEM disciplines.
One STEM initiative rising in popularity is institutional STEM certifications
through a state board of education or an independent educational accrediting
organization. Schools obtaining these certifications undergo years of institutional and
infrastructural changes that can often result in significant financial commitments. The
purpose of this study was to investigate if schools that obtained an AdvancED STEM
Certification experience an effect on achievement.
Statement of the Problem
Rothwell, Lobo, Strumsky, and Muro (2013) argued that the invention,
development, and proliferation of new technologies fuel innovation and are the primary
sources of economic progress. To drive innovation, people need a distinct set of
intellectual skills coupled with the application of foundational knowledge in STEM
fields. Rothwell et al. (2013) stated STEM education not only sustains this capacity for
innovation by providing those skills, but business, academic, and government leaders
view STEM as an integral component in the foundation for successful employment in
STEM-related and non-STEM fields. In 2011, 20% of all jobs in the United States
required a high level of knowledge in at least one STEM area with the anticipation that
one in every three jobs would apply STEM skills by 2015 (Rothwell et al., 2013). Those
employed in STEM fields play a direct role in driving economic growth (Zheng,
Stapleton, Henneberger, & Woolley, 2016; Rothwell et al., 2013). Additionally, many
employers and public officials have gone as far to say young people need to have a
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foundation of scientific and technological literacy in order to lead productive lives as
citizens (Rothwell et al., 2013).
In the 2011 federal budget, legislators incorporated a $3.7 billion investment in
STEM education (Uy, 2009). The federal government allocated an additional $4.3 billion
in the Race to the Top funding incentives. In 2009, Congress passed the U.S. STEM
Coordination Act to establish a council as a means to supervise and coordinate federal
STEM education efforts. As the implications of and focus on STEM education grew, so
did the necessity for oversight and accountability in regard to fiscal management and
academic progress (Uy, 2009).
To improve STEM education and increase the number of scientists in the United
States, President George W. Bush initiated the American Competitiveness Initiative (U.S.
Office of Science and Technology Policy, 2006). Similarly, in 2012 President Barack
Obama launched the “Educate to Innovate” campaign through which Obama sought to
reward leading educators in STEM content areas (Office of the Press Secretary, 2012). In
September, 2017, the Trump administration issued a Presidential Memorandum that
described STEM education as “playing a huge role in the vitality of our economy” and in
which the President directs the Department of Education to place high-quality STEM
education as their top priority (U.S. Office of Science and Technology, 2017).
With a great emphasis on STEM education, it is imperative to gauge its effect on
student achievement. Within existing research, one finds a wide array of studies that
focuses on various facets of STEM integration and its impact on various academic
metrics. Much of the research points to STEM education having a positive impact on
student achievement (Olivarez, 2012). State education leaders in Texas implemented a
large-scale inclusive STEM model (T-STEM) and saw a subsequent increase in student
3

achievement levels in math and science (Young et al., 2011). Likewise, Olivarez (2012)
found eighth grade students engaged in a STEM program demonstrated significantly
higher achievement levels in math, reading, and science than students not enrolled in a
STEM program. The literature also contained numerous examples of the positive impact
of STEM education on student achievement across varying grade levels and content areas
(Tolliver, 2016; Wade-Shepherd 2016). Additionally, students who participated in and
experienced success in STEM programs were more likely to select a STEM major in
college and more likely to pursue a career in a STEM field (Thomas & Williams, 2010).
Due to the success of the STEM approach, many school leaders, both public and
private, seek to develop specialized institutions within or separate from their districts.
Leaders and administrators frame some of these schools around a specific program type
(e.g., biomedical, robotics, mechatronics), while others incorporate an integrated STEM
education model throughout all content areas (Thomas & Williams, 2010). Many parents
and leaders see the curricula in these institutions as more rigorous and focused and, thus,
view the school as more academically sound compared to a school using a more
traditional curriculum (Judson, 2014; Rogers-Chapman, 2014; Sahin, 2013). According
to Young et al. (2011) and Thomas and Williams (2010), students who attended
specialized STEM schools experienced increased gains in high-stakes testing in STEM
content areas and overall greater success in meeting academic benchmarks while
conveying a positive experience in skill development and overall learning experience.
Many schools and districts, both public and private, engage in various types of
certification processes in an effort to become STEM specialized institutions. State
education departments or independent accrediting bodies often provide STEM
certifications or accreditations. The education departments of Georgia and Indiana grant a
4

STEM certification to schools making a commitment to engage in STEM based education
practices and show evidence of its implementation. Both states have a set of standards
and rubrics that outline the expectations of STEM education as it pertains to various
aspects of education such as infrastructure, instruction, and overall learner experience.
Institutions seeking certification undergo an evaluation process that includes an internal
assessment which provides evidence that STEM education is prominent and practiced
throughout the program or school (Georgia Department of Education, 2018a; Indiana
Department of Education, 2018).
Organizations like the National Institute of STEM Education (NISE) offer a
campus certification for $12,500 (NISE, 2018). As described on the NISE website, the
organization awards this certification after the institution undergoes a three-phase process
focused on the planning, implementation, and sustainment of an effective STEM model.
Each phase contains standards and sub-standards for which the institution must provide
evidence indicating how the school is addressing each strand. Another requirement for
campus certification is that all science teachers in the school must earn the National
Certificate for STEM Teaching. Teachers earn this certificate through the NISE and are
required to submit a competency-based portfolio demonstrating proficiency over 15
actions deemed essential for STEM learning. The fee for this certificate is $625 per
instructor (NISE, 2018).
According to their website, AdvancED is one of the largest educational
accrediting bodies in the world as they serve over 34, 000 educational institutions
(AdvancED, 2018). In 2015, AdvancED developed a STEM certification for its member
schools. The organization based this certification on a single overarching standard
containing 11 indicators. To earn this certification, school leaders must first submit a
5

placement guide and self-assessment detailing the current nature of the STEM efforts
within their school. School leaders then compile a body of artifacts that serve as evidence
for the sustained efforts addressing the standard and indicators. An AdvancED review
team conducts a two-day on-site review to observe the institution’s efforts in practice.
The school then pays a $900 certification fee (AdvancED, 2018)
The literature is limited on the impact of these organizational certifications and
whether or not the schools attaining certification are receiving a positive academic return
on the costly monetary investment sometimes required in this process. In this study, the
researcher isolated an intentional sample of schools in the Southeast United States that
earned STEM certification through the AdvancED accrediting agency. The researcher
isolated twenty elementary schools in the state of Georgia and compared various precertification measures of achievement to the analogous post-certification measures to
determine if the institutional efforts required for an AdvancED STEM certification lead
to a statistically significant increase in those academic metrics. The information gained
through this study could potentially validate the distribution and application of financial
resources for schools seeking to raise achievement levels through the pursuit of an
AdvancED STEM certification.
Research Questions
Research question 1. Based on data from the Georgia Department of Education,
do elementary schools that obtained an AdvancED STEM certification experience an
impact on standardized assessment scores in English Language Arts?
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Research question 2.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Mathematics?
Research question 3.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Science?
Research question 4.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Social Studies?
Theoretical Framework
When analyzing the composition of STEM education, elements such as
collaboration, problem-solving, and critical-thinking form its core. The tenets of STEM
education are grounded in constructivist learning theory which originates in the
educational philosophies of John Dewey (Schiro, 2012). The mere appearance of STEMbased educational institutions, classrooms, and activities fall in line with what Dewey
considered a progressive approach to education (Williams, 2017).
The constructivist tenets of the progressive education movement provided the
stage for pedagogies of inquiry and problem solving (Dewey, 1933; Moore & Smith,
2015). Dewey and other similarly minded educators held the view that the classroom
should be representative of real life and should provide students with the ability to
flexibly engage learning activities in a variety of social settings (Gutek, 2014; Williams,
7

2017). As early as 1899, Dewey (1966) posited that the isolation of subjects from one
another deemphasizes their obvious interrelationship and fails to provide an accurate
reflection of the more holistic experiences outside of school. Dewey (1966) stated, “To
introduce (the subjects) to the child as distinct from the start, is to disorganize and
disintegrate, instead of coordinate and connect.” (p. 193).
This emphasis on the experiential and social aspects of learning are further
developed in the work of Vygotsky (1978) and his cognitive development theory.
Paralleling Dewey’s views, Vygotsky implicated knowledge as being socially
constructed. Vygotsky places such an emphasis on the importance of collaborative
experiential learning that he posits that cognitive development actually stems from these
social interactions (Vygotsky, 1978). These views form the framework for what
Vygotsky (1978) coined zone of proximal development.
This zone is the area in which a learner encounters skills and tasks that may prove
too difficult to master alone but can be obtained with guidance and encouragement from
others within a social atmosphere. Vygotsky defined this zone as “…the distance between
the actual developmental level as determined by independent problem solving and the
level of potential development as determined through problem-solving under adult
guidance, or in collaboration with more capable peers” (p. 86).
Significance of the Project
In 2005, the National Academies Press released a report titled Rising Above the
Gathering Storm. Researchers regard this report as a highly influential and formative
element in shaping the current narrative of STEM education in the United States
(Gonzalez & Kunezi, 2012). This report provided federal legislators insight into the
potential deficiencies of the United States educational system and how these deficiencies
8

could be a threat to the nation’s economic power status. Some felt an increased focus on
STEM education would be the remedy to the potential educational and economic woes
facing the nation. During the 2016 Presidential campaign, the STEM Educational
Coalition issued a report to the candidates in which they pressed that STEM education
must be elevated as a national priority and even billed it as the “core of our country’s
economic future” (STEM Educational Coalition, 2016, p. 1).
Resource allocation and distribution related to STEM education has only
increased over the past decade. In 2018, the U.S. Department of Education not only met
but surpassed a directive from President Trump that obligated $279 million in STEM
discretionary grant funds. President Trump reaffirmed this pledge with a minimum goal
of $200 million in 2019 (U.S Office of Science and Technology Policy, 2018).
As STEM efforts showed positive effects on student achievement, educational
leaders searched for avenues in which they could implement STEM education in their
institutions (Olivarez, 2012; Tolliver, 2016; Wade-Shepherd 2016). In the past decade,
various methods of STEM integration have become evident throughout schools in the
United States. This integration took many forms across grade levels and content areas.
One such approach led to institutions seeking a STEM certification from state agencies or
independent educational accreditation organizations. Agencies grant certifications to
schools that adhere to a specified set of standards and submit evidence that their
institution has fully integrated STEM tenets in infrastructure and instruction (AdvancED,
2018; GDOE, 2015; Indiana DOE, 2018; NISE, 2018).
The magnitude of fiscal focus coupled with a link to student achievement
provides cause to analyze STEM education efforts. Additionally, the existing body of
literature is sparse in research specifically related to the effects of STEM education at the
9

elementary level. Furthermore, the literature is also scant on studies analyzing the effect
of obtaining an institutional STEM certification. With students’ achievement scores
carrying such heavy implications related to the allocation of federal dollars, it is
imperative to examine what impact these certification efforts have to make positive
decisions on the judicious allocation of resources.
Description of the Terms
AdvancED. AdvancED is an international educational accreditation agency with
over thirty-six thousand member institutions in over eighty-three nations. AdvancED
offers accreditation and STEM certifications to its member schools based on the
institution’s ability to meet specified standards.
Engineering. Engineering is the art or science of making practical application of
the knowledge of pure sciences, as physics or chemistry, as in the construction of
engines, bridges, buildings, mines, ships, and chemical plants (Engineering, 2018).
Georgia milestones end-of-grade assessments. The Georgia milestones end-ofgrade assessments is a comprehensive summative assessment system spanning 3rd grade
through high school. Students in third through eighth grades are assessed in English
Language Arts, and Mathematics with students in 5th and 8th grades also being assessed in
Science and Social Studies.
Mathematics. Mathematics is a group of related sciences, including algebra,
geometry, and calculus concerned with the study of number, quantity, shape, and space
and their inter-relationships by using a specialized notation (Mathematics, 2018).
Science. Science is defined as the systematic study of the nature and behavior of
the material and physical universe, based on observation, experiment, and measurement,
and the formulation of laws to describe these facts in general terms (Science, 2018).
10

STEM certification. A STEM certification is a designation awarded to an
academic institution that has met a set of specified standards and requirements related to
the implementation and integration of STEM education. This certification can be
obtained through independent educational accrediting agencies or by some state boards of
education. Student achievement. is defined as the quantitative measured outcomes that
reflect the extent to which a student has mastered academic course standards. In this
study, these outcomes are measured based on a student’s performance on the Georgia
Milestones End-of-Grade Assessment.
Technology. Technology is the branch of knowledge that deals with creation and
use of technical means and their interrelation with life, society, and the environment,
drawing upon such subjects as industrial arts, engineering, applied science, and pure
science (Technology, 2018).

Chapter II: Review of the Literature
According to Gonzalez and Kunezi (2012), the interest in and emphasis on
scientific and technological literacy in the United States was evident in the foundational
philosophies that undergird our nation. As early as 1787, Congress discussed the value in
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establishing “seminaries for the promotion of literature and the arts and sciences”
(Records of Federal Convention, 1787, p. 6). This promotion of scientific knowledge
evolved as a theme in the infancy of our nation and was apparent in President George
Washington’s first State of the Union address in 1790 where he stated,
Nor am I less persuaded that you will agree with me in opinion that there is
nothing which can better deserve your patronage than the promotion of science
and literature. Knowledge is in every country the surest basis of public happiness.
In one in which the measures of government receive their impressions so
immediately from the sense of the community as in ours it is proportionably (sic)
essential. (p. 1).
According to White (2014), the United States, and the world at large, reaped the
benefits of this focus on scientific thinking and innovation during the Industrial
Revolution. Industry and innovation giants such as Henry Ford and Thomas Edison were
utilizing critical-thinking and problem-solving strategies grounded in reiterative
engineering processes to produce progressive technologies that would exponentially
advance science and industry – all without a formal college education (Butz, Kelly,
Adamson, Bloom, Fossum, & Gross, 2004). An amalgamation of skills and knowledge
formed the core of these integrative approaches and ultimately formed the groundwork
for what society now refers to as STEM education (White, 2014).
While one can see the evidence of the initial threads of this approach as far back
as the founding of our country, a true turning point in its evolution came with the
completion of World War II and the launch of the Russian Sputnik satellite in October
1957 (Dugger, 2016; Gonzalez & Kuenzi, 2012; White, 2014). Judy (2011) noted that
technologies developed and utilized throughout WWII were virtually immeasurable.
12

From the creation of advanced weaponry like the atomic bomb to the development of
industrial synthetics, laborers and scientists worked jointly with the military and
employed skills from all STEM disciplines to drive innovation through problem-solving
and critical-thinking. These collaborative and cross-disciplinary efforts were paramount
in the United States success in WWII (Judy, 2011).
Recognizing the impact science and technology played in the outcome of the war,
in 1950 the United States established the National Science Foundation (NSF). The NSF’s
mission was to promote the progress of science; to advance the national health,
prosperity, and welfare; and to secure the national defense (Judy, 2011). The ensuing
Korean Conflict in the early 1950’s hindered the advancement and initial success of the
foundation. The foundation started with a meager budget of $151,000. In its first full
operational year, the federation only received $3.5 million of its requested $33.5 million.
In 1957, the NSF received an increase in funding to $134 million on the heels of one of
the most substantial scientific achievements – the launch of Sputnik (NSF, 2010).
In 1957, the Soviet launch of Sputnik immediately motivated legislators to
reevaluate their interests and investments in science and technology education. Williams
(2011) cited that the United States viewed the satellite’s launch as a threat to U.S.
economic and national security. Steve Garber (2007), NASA History Web Curator,
stated, “The Sputnik launch changed everything. As a technical achievement, Sputnik
caught the world's attention and the American public off-guard” (p. 1). The launch
instilled fear within government officials who worried the Soviet Union was turning out
twice as many scientists and engineers than the United States (Williams, 2011). This fear
led to subsequent increases in Congressional appropriation to the NSF. By 1968, the
National Science Foundation budget stood at nearly $500 million. (NSF, 2010).
13

In 1958, Congress passed the Space Act and formed the National Aeronautics and
Space Administration (NASA). A primary NASA mission was to expand and improve
the position of the United States in the global space race by effectively using science,
engineering, and technology to complete each mission (Dick, 2008). In the following
decades, NASA was responsible for many advances in STEM education as the
administration provided millions of dollars in grant money, while leading hundreds of
educational initiatives (Kelly, 2012). Kelly (2012) asserted that NASA’s promotion of
STEM endeavors had an immeasurable impact on industrial advancements.
Paired with NASA’s efforts, the NSF continued its focus on aligning the nature of
STEM education with global economic and industrial demands. In the 1990’s the NSF
modified its approach, originally referred to as SMET (science, mathematics,
engineering, and technology) and became the first organization to coin the term STEM
(Sanders, 2009). The NSF’s mission was to provide all students with opportunities to
obtain critical thinking skills that would allow them to become creative problem solvers.
The goal of the NSF’s efforts was for educational institutions to produce learners that
would be more marketable in the workplace and, in turn, positively drive the nation’s
economic and industrial ventures (Sanders, 2009).
Political and Economic Implications
Some researchers feel STEM education found its true emergence as a component
of a political, vocational, and economic agenda. Kuenzi (2008) and Williams (2011)
argued changes in the patterns of the national workforce and economic downturns
became the impetus for a shift in education. Blackley & Howell (2015) stated the
“emergence of STEM was at the behest of a political agenda grounded in vocational and
economic imperatives” (p. 104). Some felt this emergence, particularly in Western
14

nations, was based upon students’ declining performances on international measures of
achievement (Marginson, Tytler, Freeman, & Roberts, 2013). From such reports, federal
legislators kept a keen eye on the outputs of the national education system (Gonzalez &
Kuenzi, 2012).
The greatest initial impetus in calling for a shift in American education occurred
in 1983 when a federally appointed commission raised concerns about the nature of our
education system, particularly in the STEM area in their report titled “A Nation at Risk”
(United States National Commission on Excellence in Education, 1983). The writers of
this report commented, “If an unfriendly foreign power had attempted to impose on
America the mediocre educational performance that exists today, we might well have
viewed it as an act of war" (United States National Commission on Excellence in
Education, 1983, p. 1). The National Academies Press echoed these sentiments in 2005 as
they released a report titled Rising Above the Gathering Storm. Researchers like
Gonzalez & Kunezi (2012) regarded this report as a highly influential and formative
element in shaping the STEM narrative in the United States. This publication provided
insight to federal lawmakers regarding the potential weaknesses of the national
educational system and how these deficiencies could be a threat to economic prosperity
and the nation’s power status on a global scale. Despite its critics, this report captured
federal attention regarding STEM education and, in turn, played an integral role in the
passage of the America Creating Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Science Act (America COMPETES Act) (Gonzalez &
Kuenzi, 2012; McKinnon, 2018; Stevenson, 2014). A 2010 follow-up report from the
National Academies Press, Rising Above the Gathering Storm Revisited, heightened
urgency surrounding perceived flaws in the national education system as its authors
15

claimed further decline of the U.S. economy as national leaders failed in carrying out
recommended directives from the initial 2005 report (Stevenson, 2014).
An increased focus on STEM was to be the panacea for future economic crises
such as the Global Financial Crisis of 2007-2009 (Williams, 2011). The learners that
emerged from these educational initiatives carried these skills to the work place and in
turn played a direct role in driving economic growth (Zheng et al., 2016; Rothwell et al.,
2013). Additionally, political officials went as far as to say that young people need to
have a foundation of scientific and technological literacy in order to lead productive lives
as citizens (Rothwell et al., 2013).
Rothwell et al. (2013) argued the invention, development, and proliferation of
new technologies fuel innovation and are the primary sources of economic progress. To
drive innovation, people need a distinct set of intellectual skills coupled with the
application of foundational knowledge in the fields of science, technology, engineering,
and mathematics (STEM). Rothwell et al. (2013) stated STEM education not only
sustains this capacity for innovation by providing those skills, but business, academic,
and government leaders view STEM as an integral component in the foundation for
successful employment in STEM-related and non-STEM fields. STEM advocacy groups
such as the STEM Education Coalition (2016) supported these tenets, and in a report to
the 2016 Presidential candidates suggested:
STEM education must be elevated as a national priority reflected through
educational reforms, policies to drive innovation and federal and state spending
priorities. STEM is not just a trendy buzzword; it is the core of our country’s
economic future. Simply put, if we are to contend with our global competitors,
we had better step up our commitment to improve STEM education. (p. 1)
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Moreover, despite its history of success and achievement, some researchers noted
the American educational system now finds itself trailing other nations in STEM domains
(Rothwell et al., 2013). This is a crisis as researchers indicated that, in 2011, 20% of all
jobs in the United States required a high level of knowledge in at least one STEM area.
Furthermore, these researchers anticipated one in every three jobs would apply STEM
skills by 2015 (Rothwell et al., 2013). In 2013, only 28% of issued college degrees were
in STEM fields, compared to nearly 50% in many other developed countries (Rothwell et
al., 2013, p. 31).
Researchers attribute this low percentage to a number of significant gaps between
K-12 and post-secondary education. While the United States boasts 43 of the top 50
universities in the world, high-school sophomore science and math scores ranked 24th
globally in 2013 (Rothwell et al, 2013). Among these gaps is the disparity between
achievement and interest-level among groups identified as under-represented and
underserved in STEM fields such as African and Native Americans, Hispanics, and
females. Addressing these gaps was paramount as these populations represented a
significant portion of the nation’s future workforce (Gonzalez & Kuenzi, 2012).
Obvious international advances in innovation coupled with reports that
highlighted inadequacies in the American student became the driving force behind a
broad legislative focus on developing STEM education. In the 20 years that spanned the
100th and 101st congresses (1987-2008), over 200 lawmakers introduced over 200 bills
that included the term science education (Gonzalez & Kuenzi, 2012). As the implications
of and focus on STEM education grew, so did the necessity for oversight and
accountability in regards to fiscal management and academic progress. In 2009, U.S.
STEM Coordination Act went before Congress as an effort to establish a council to
17

supervise and coordinate federal STEM education efforts (Breiner, Harkness, Johnson, &
Koehler, 2012).
As each state worked internally to address the nature of STEM education relative
to their situation, the federal government became the greatest promoter of STEM through
policy initiatives and funding (Carmichael, 2017). Carmichael suggested the influence of
federal funding was illustrated best by the development of the Department of Health and
Human Services (HHS) and the NSF. These organizations became the two largest groups
to financially support the advancement of STEM education and based their support on the
following conclusions: (a) America did not have enough STEM workers, (b) educators
needed to support minorities in STEM fields, and (c) the general public should
understand STEM concepts better (Carmichael, 2017).
Moreover, the STEM education narrative garnered much attention from the White
House during previous administrations. To improve STEM education and increase the
number of scientists in the United States, President George W. Bush initiated the
American Competitiveness Initiative (Office of Science and Technology, 2006).
President Barak Obama (2009) thrust STEM into the spotlight with the Race to the Top
program when he stated:
America will not succeed in the 21st century unless we do a far better job of
educating our sons and daughters… And the race starts today. I am issuing a
challenge to our nation’s governors and school boards, principals and teachers,
businesses and non-profits, parents and students: if you set and enforce rigorous
and challenging standards and assessments; if you put outstanding teachers at the
front of the classroom; if you turn around failing schools – your state can win a
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Race to the Top grant that will not only help students out compete workers around
the world, but let them fulfill their God-given potential. ( p. 1)
Additionally, in 2009, President Obama launched the “Educate to Innovate” campaign
through which Obama sought to reward leading educators in STEM content areas (Office
of the Press Secretary, 2009). Comparatively, in 2017, the Trump administration issued a
Presidential Memorandum that described STEM education as “playing a huge role in the
vitality of our economy” and in which the President directed the Department of
Education to place high-quality STEM education as their top priority (U.S. Office of
Science and Technology Policy, 2017).
With measures such as the U.S. STEM Coordination Act passing the U.S. House
of Representatives, the federal government became increasingly strategic in their efforts
in how funding could be coordinated and supervised (Breiner et al., 2012). In a report to
Congress, Granovskiy (2018, p. 6) stated yearly average appropriations from the federal
government for STEM education ranged between $2.8 billion and $3.4 billion. This was
evident in the literature as early as 2010 with a $4.3 billion incentive allocation in the
Race to the Top initiative (Breiner et al., 2012, p. 3). This trend continued as legislators
provided a $3.7 billion investment into STEM education in the 2011 annual federal
budget (Breiner et al., 2012, p. 3).
Evolution of STEM Education
While practitioners generally accepted general descriptive terms for individual
disciplines, discrepancies existed in defining the domains when grouped as a collective
entity (Gonzalez & Kuenzi, 2012). This inconsistency was evident throughout the
literature as some researchers, such as Breiner et al., (2012), posited the definition of
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STEM education varied significantly throughout different levels of education, while other
researchers such as Gonzalez and Kuenzi stated the definition was standard.
STEM education began as a term that referred to teaching and learning in the
fields of science, technology, engineering, and mathematics (Gonzalez & Kuenzi, 2012).
This term became ubiquitous across grade levels – from early learning to post-doctorate
education. Educators also used the term to describe activities and content in both formal
settings (e.g., classrooms) and informal settings (e.g., after school programs/clubs).
Federal policymakers and organizations also adopted this term in political arenas
(Gonzalez & Kuenzi, 2012).
As the term STEM education became increasingly pervasive across various
groups and organizations, so did the ambiguity in its method of implementation. Dugger
(2016) described several common approaches for implementing STEM education. One
method was a siloed approach focusing on each discipline as a separate and independent
subject. Educators often referred to this design by the acronym S-T-E-M, as it signified a
distinct separation of each content area. A more popular approach placed increased
emphasis on specific disciplines, particularly math and science. This altered the model in
to a SteM design. In another approach, instructors selected one of the four core
disciplines, usually technology or engineering, and integrated content from that field into
the other three. Lastly, a design schools have more recently adopted is a fully integrated
approach infusing all four disciplines into a single meta-discipline with facets of each
core area blending the instruction of all disciplines. For example, educators integrated
technology, engineering, and mathematical principles into their science instruction. This
last design became increasingly prevalent as many educators viewed its integrative nature
as more reflective of the world surrounding the learner (White, 2014).
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Integrative STEM Education
Blackley & Howell (2015) noted in 2007, the construct of STEM education
underwent significant rebranding and was replaced by integrated STEM education.
Sanders (2009) noted the acronym of STEM and idea of STEM education no longer
encompassed the simple inclusion of the four foundational content areas but included the
integration of these disciplines into a cross-disciplinary educational approach where the
learner was engaged in a single problem-solving effort stretching into each area. This
model of integrated STEM education involved students employing critical-thinking skills
through an engineering design process as an avenue to create technologies requiring the
application of math and science skills (Moore & Smith, 2014). Additionally, this
framework was novel in that it suggested STEM lessons, curricula, and experiences did
not have to be based upon or include all four facets of the STEM suite and could even
include subjects outside the four core disciplines (Blackley & Howell, 2015). Moreover,
integrated STEM education potentially involved multiple instructors and classes and
could span different lengths of instructional time (Isaacs, Wagreich, & Gartzman, 1997;
Roehrig, Moore, Wang, & Park, 2012).
This integrative approach created a framework for teaching STEM that had not
yet existed (Blackley & Howell, 2015). This framework led to the emergence of a
pedagogical model of purposeful design and inquiry. Sanders (2009) rationalized this
coupling of technical design and inquiry as individuals consistently employing these
principles in the real world in the engineering of solutions to authentic problems. In the
integrated STEM classroom, students engaged in scientific inquiry in the context of
technological problem-solving creating a robust learning environment (Sanders, 2009).
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The pedagogical underpinnings of this integrative model were rooted in the
philosophies of early 20th century educators such as John Dewey. The constructivist
tenets of the progressive education movement provided the stage for pedagogies of
inquiry and problem solving (Moore & Smith, 2015; Williams, 2017). Dewey and other
similarly minded educators held the view that the classroom should be representative of
real life and should provide students with the ability to flexibly engage learning activities
in a variety of social settings (Gutek, 2014; Williams, 2017). As early as 1899, Dewey
(1966) posited the isolation of subjects from one another deemphasizes their obvious
interrelationship and fails to provide an accurate reflection of the more holistic
experiences outside of school. He stated, “To introduce (the subjects) to the child as
distinct from the start, is to disorganize and disintegrate, instead of coordinate and
connect” (Dewey, 1966, p. 193).
The manner in which this integrative STEM educational model manifests itself
within the classroom is as broad and diverse as the disciplines that comprise it. Factors
such as grade level or institutional mission and vision often determine the type of
program or instructional strategy through which STEM content is delivered. Carmichael
(2017) observed educators incorporated aspects of each domain into more traditional
program courses, such as Advanced Placement (AP) or International Baccalaureate (IB).
Some teachers and schools opted for commercial programs such as Engineering by
Design, Lego Mindstorm Robotics, or Project Lead the Way as a platform to engage
students in integrative STEM education. While these programs met the needs of certain
institutions, they were not necessary for integration at the classroom level.
Meyrick (2010) stated STEM is most effectively taught at the school level when
instructors ensured instruction was integrated and all content was treated as a single
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discipline. Moreover, Reeve (2015) posited teachers in a STEM integrated classroom
must be a STEM Thinker. This brand of instructor was intentional in connecting STEM
concepts, skills, and practices to his/her students’ everyday lives. The success of these
efforts lies in each teacher purposefully constructing curricular networks extending
beyond a single discipline and cultivating his/her students’ critical-thinking and problemsolving skills as they relate to authentic issues. Sanders (2009) corroborated this notion as
he cited purposeful design and inquiry as an essential element for integrating all STEM
disciplines in STEM education (p. 21). Vasquez, Sneider, and Comer (2013)
conceptualized STEM integration in a framework called “the inclined plane of STEM
integration,” which consists of three core approaches through which educators integrated
STEM into their pedagogy (p. 6).
Transdisciplinary Approach
Vasquez et al. (2013) identified the transdisciplinary approach as the primary and
most effective method for STEM integration. This approach melded content from all
disciplines into focused and direct problem and project-based learning that provided
learners with authentic learning experiences. Although these approaches were not
relegated specifically to STEM education, they provided the most opportune avenues for
facilitating collaborative learning across the disciplines – which was central to integrative
STEM education (Capraro, Capraro, & Morgan, 2013).
Vasquez et al. (2013) noted three key elements for project-based learning, when
used as a component in STEM integration through the transdisciplinary approach:
1. A guiding question that creates real-world context and drives student
engagement;
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2. Learning objectives that are STEM and standards-based that provide
direction through the project
3. Students’ prior knowledge that guides them through the experience. (p.
112)
Researchers throughout literature allude to educational leaders who cited projectbased learning as critical to the success of their STEM integration (Alumbaugh, 2015;
Erdogan, Navruz, Younces, & Capraro, 2016). Erdogan et al. (2016) noted students who
experienced a complete project-based STEM implementation exhibited higher
achievement on high-stakes math and science metrics than those with partial or no
exposure to project-based learning. Likewise, in his analysis of a Texas public school
system that utilized a project-based learning model, Sahin (2015) discovered higher
student performances for students taking part in project-based instruction.
Sahin’s (2015) study focused on a K-12 charter school in the Harmony Public
Schools Texas-based charter system. The student population totaled two hundred fortynine with 33% White, 51% Hispanic, 13% African-American, and 3% Asian and Native
Americans. Sahin conducted a qualitative study in which he observed six different
project-based programs. Sahin collected observational data, field notes, and interviews.
During observations, Sahin employed Wenger’s notion of communities of practice to
examine the social structure of the group. The researcher conducted interviews to gauge
student’s perceptions of the activities. The researcher then coded interviews to identify
emergent themes. The researcher concluded project-based activities led to skill
development. These programs showed potential for the cultivation of STEM literacy.
Another primary tool in the transdisciplinary approach to integrating STEM
education was problem-based learning (Capraro et al., 2013). The National Academy of
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Engineering and National Research Council (NAE & NRC, 2014) defined problem-based
learning as a process that engaged students in loosely structured problems grounded in
real-life application in which they must engineer a solution. Sanders (2009) noted
problem-based learning created an experience in which learners engineered solutions
through scientific inquiry, mathematical application, and technological design. These
problems may be actual issues or hypothetical in nature and should be centered on the
student, rich in experience, authentic and real-world, and concrete (NAE & NRC, 2014).
Likewise, Brown, Brown, Reardon, and Merrill (2011) pointed to the benefits of
including STEM education that integrated problem-solving skills and critical-thinking.
Interdisciplinary Approach
The next stage of effective integrated STEM education was the interdisciplinary
approach. In this approach, instructors focused on closely related skills and concepts
spanning two or more disciplines (Vasquez et al, 2013). The premise was that bridging
disciplines through inter-related concepts provided a deeper learning experience for the
student (Carmichael, 2017). Author R.W. Bybee (2013) provided a framework for
interdisciplinary instruction. He submitted that this approach comprised the following
elements:
1. Coordination of separate subjects so that content is inter-applicable.
2. Content of each subject complements the primary subject.
3. The themes, units, and skills from one discipline correlates with the other.
4. Direct connections between the two disciplines.
5. Utilize a combined approach that allows learners to engage at least two STEM
disciplines within a single project, thus highlighting the relationship between
them (p. 84).
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The interdisciplinary aspect of integrative STEM education was considered a best
practice in implementing this model of education (Meyrick, 2010). Educators expanded
this approach to incorporate non-STEM content into the design. The inclusion of subjects
such as social studies, language arts, and other arts and humanities bolstered students’
ability to apply STEM skills to their learning and increased their capacity for creative
engineering to solve authentic problems (Fisher & Frey, 2015)
Multidisciplinary Approach
The next level of effectiveness in the integration of STEM education was the
multidisciplinary approach (Vasquez et al., 2013). Whereas the interdisciplinary model
interweaves STEM content between two or more disciplines in a coordinated and
collaborative venture, the multidisciplinary model allowed for integration of STEM
content into multiple disciplines but within a more rigid set of parameters (NAE & NRC,
2014). Researchers such as Claymier (2014) touted the benefits and importance of
addressing STEM content from the perspectives of other disciplines. In regard to literacy
and language arts skills, Claymier (2014) stated these skills, “…are at the heart of any
successful STEM integration. Being able to express new thoughts and to collaborate with
colleagues is the heart of engineering and design” (p. 2).
The benefits of addressing STEM content from multiple disciplines has given rise
to variations of the model that emphasizes arts & humanities (STEAM) and reading
(STREAM). Charette (2015) made the case this approach was necessary in order to,
“blend mastery of STEM with arts and humanities to guarantee secondary students are
equipped to deal with the demands of the 21st century” (p. 81). Furthermore, the
National Academy of Engineering and National Research Council posits that this
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approach positively impacted students’ career readiness as they learned to address realworld problems that existed in multiple domains (NAE & NRC, 2014).
STEM Schools & Certifications
As the implementation of an integrative STEM education model has become
increasingly prevalent over the past decade, many school leaders, both public and private,
sought to develop institutions within or separate from their districts that specialized in
STEM learning. Many school leaders designed schools around a focused STEM
framework and program type (e.g., biomedical, robotics, etc.), while others incorporated
an integrated STEM model throughout the entire institution (Thomas & Williams, 2010).
Leaders found many of these institutions on the premise that they provided an option for
learners who possessed the desire to have choice and control over their learning
experience (Buchanan & Woerner, 2002). Furthermore, researchers suggested the
innovative nature of education and instructional strategies found at these schools were a
draw for parents seeking an alternative to the traditional models of education found in
many public and private institutions (Hanover Research, 2011; Judson, 2014). Moreover,
many parents and leaders viewed the integrative, interdisciplinary curricula in these
schools as more rigorous and focused and, thus, view the school as more academically
sound compared to a school utilizing a traditional, non-STEM approach (Judson, 2014;
Rogers-Chapman, 2013; Sahin, 2013).
Though political leaders and education experts intensified the spotlight on STEM
education throughout the decade of 2010-2019, the birth of STEM-focused schools finds
its roots in early 1900’s. In 1904, the New York Department of Education organized
Stuyvesant High School, which initially served as a trade school for boys and later altered
its approach to emphasize mathematics and science (Hanford, 1997). Throughout the
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20th century, other educational entities followed the Stuyvesant model to establish and
promote STEM-focused schools. The burgeoning number of these institutions was an
impetus for the formation of the National Consortium for Specialized Secondary Schools
of Mathematics, Science, and Technology (NCSSSMST) (Thomas & Williams, 2010).
The primary goal of the consortium was to create “a forum for schools to exchange
information and program ideas and to evolve alliances between them” (NCSSSMST,
2008, p.1). The NCSSSMST (2008) also sought to direct national policy in an effort to
transform STEM education and provide a framework for best practices.
In 2010, President Obama affirmed the recommendations submitted to him by the
President’s Council of Advisors on Science and Technology (PCAST) (Excecutive Office
of the President, 2010). The council recommended by the year 2020, the United States
educational system should create 1,000 new STEM-focused schools. Moreover, the
council advised that 80% of these newly created institutions should be elementary and
middle schools. While the general body of research is scant in regards to investigations
focusing on the effects of specialized schools, there is a greater deficit in the literature
when analyzing the effectiveness of these efforts at the elementary and middle school
level (Judson, 2014). Judson posited the skewing of research toward secondary schools is
natural as that is the point where students experience differentiation of subjects and
distinct specialization into various STEM pathways. Considering both elementary and
secondary schools, the 2010 PCAST report conceded the difficulty in measuring the
impact of STEM-focused schools as no two schools have identical programs and no
school offers a random sample of students. The report also touted STEM schools as
laboratories that allow educators to experiment with creative approaches to STEM
education that in turn can create a broader impact on U.S. education.
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The designation of an institution as a STEM school is not a clear and definitive
process because no single governing entity provides any encompassing standards or set of
requirements for such a designation (Tofel-Grehl, 2013). Though there is no distinct set
of criteria defining a STEM school, the Hanover Report of 2012 did offer a set of
characteristics commonly prevalent in most STEM-focused schools. According to this
report, STEM schools possessed some traditional teacher-led instruction but primarily
incorporated a project, workplace, or lab-based learning model emphasizing the use of
technology-supported learning tools (Hanover Research, 2011).
STEM schools naturally increased their focus on STEM specific disciplines.
Many schools approached this by specifically hiring specialized teachers with experience
in STEM career fields, or by shifting institutional pedagogy to a project or problem-based
model, or by simply assigning more time to STEM discipline courses (NAE & NRC,
2014). In 2011, the NRC identified three classifications of schools that met their criteria
for a STEM school: selective, inclusive, and career and technical education (CTE). The
NRC considered selective STEM schools to be institutions, typically secondary, that had
selective enrollment of a small population of gifted and talented students that had a high
interest in STEM areas. Inclusive schools were centralized around one or more specific
STEM disciplines. Similarly, STEM-related CTE schools focused on preparing high
school students who possessed a desire to work in a STEM career (NRC, 2011;
Proudfoot, Green, Otter, & Cook, 2018).
As STEM-focused schools have become more prevalent and diverse, some state
education departments and independent accrediting agencies developed a framework and
set of criteria through which an organization can obtain a STEM certification or
accreditation (Proudfoot et al., 2018). Many schools and districts, both public and private,
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engaged in these certification efforts as an attempt to earn a distinguishing accolade that
brands the institution and sets it apart from traditional schools.
In an effort to increase accountability in STEM education for Georgia public
schools, the state department of education developed a STEM certification process
(Georgia Department of Education, 2018a; Proudfoot et al., 2018). At the end of 2018,
the state contained 68 schools that had earned its STEM certification. According to the
state department’s website, the criteria for certification includes a two-year
implementation phase focusing on a shift in pedagogy and culture, followed by a selfassessment and initial visit by program specialists to determine pre-application status.
Lastly, after a final application, the school undergoes a site visit from representatives
from various STEM fields (2018). The literature was limited on the effects of state level
STEM certification on student achievement. In a 2018 study, Proudfoot et al. compared
fourth and fifth grade student metrics from Georgia STEM-certified schools and nonSTEM certified schools. This study pointed to an increase in fourth grade
English/Language Arts scores for STEM-certified schools (Proudfoot et al., 2018).
The study conducted by Proudfoot et al. (2018) was a quantitative causalcomparative study that sampled STEM and non-STEM schools in the Metropolitan
Regional Service Agency region of Georgia. The researchers compared fourth and fifth
grade median growth percentiles from both institution types in the four general content
areas: English language arts, science, mathematics, and social studies. Using a MannWhitney U test, the researchers concluded the median outcomes for ELA, math, and
science were higher in STEM schools, with fourth grade ELA students in STEM certified
schools being significantly higher than those in non-STEM schools (Proudfoot et al.,
2018, p. 31).
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The state of Indiana offered a comparable STEM certification approach. The
Indiana Department of Education provided implementation rubrics outlining the
expectations of the school’s effort in addressing STEM education. The implementation
focused on areas such as infrastructure, instruction, and overall learner experience.
Institutions seeking certification undergo an evaluation process that included an internal
assessment, which provided evidence STEM education was prominent and practiced
throughout the program and/or school (Indiana Department of Education, 2018).
Organizations like the National Institute of STEM Education (NISE) offers
schools a campus certification for $12,500. As described on the NISE website, the
organization awards this certification after the institution undergoes a three-phase process
focused on the planning, implementation, and sustainment of an effective STEM model.
Each phase contained standards and sub-standards for which the institution provided
evidence indicating how the school was addressing each strand. Additionally, in order for
the school to receive a certification, all science teachers had to earn the National
Certificate for STEM Teaching. Teachers earned this certificate through the NISE and
were required to submit a competency-based portfolio demonstrating proficiency over 15
actions the organization deemed essential for STEM learning. This certificate comes with
a $625 charge per instructor (NISE, 2018).
Another organization offering STEM certification was AdvancED. According to
their website, AdvancED is a non-profit, non-partisan organization that is one of the
largest educational accrediting agencies in the world, serving over 34,000 educational
institutions. In 2015, AdvancED developed a STEM certification for its member schools.
The company based this certification on a single over-arching standard that contained 11
sub-indicators. These fall under three domains representing the STEM learner, educator,
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and experience. To earn this certification, school leaders first submitted a placement
guide and self-assessment detailing the current nature of the STEM efforts in their school.
After this measure of initial readiness, leaders then compiled a body of artifacts that
served as evidence for the sustained efforts addressing the standard and indicator. Lastly,
a review team from AdvancED conducted a two-day on-site review visit to observe the
institution’s efforts in practice. The organization charged a $900.00 fee for the
certification (AdvancED, 2018).
Effects of STEM Education
The research was laden with studies in which the researcher established a
connection between STEM education and student achievement (Bodilly & Beckett, 2005;
Olivarez, 2012; Wade-Shephard, 2016; Young et al., 2011). Clark and Ernst (2009)
posited the incorporation of STEM-based strategies and content into student work would
increase assessment scores across all curriculum. Sanders (2009) submitted “there is
sufficient evidence with regard to achievement, interest, and motivation benefits
associated with new integrative STEM instructional approaches to warrant further
implementation and investigation of those new approaches” (p. 20). Interestingly, while
Sanders (2009) indicated early exposure to STEM education would lead to improvement
in student achievement, the research was sparse in studies focusing on the effects of
STEM implementation at the elementary level. Researchers acknowledged this gap in
literature where the impact of STEM education on elementary outcomes and viewed it as
an area for much needed future research (Hansen, 2014: Judson, 2014).
While much evidence existed that pointed to the integration of STEM education
leading to an increase in student achievement, the results of many of these studies did not
consistently and definitively align across grade levels or content areas (Tolliver, 2016). In
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her 2012 study, Olivarez (2012) noted a positive impact in eighth grade mathematics,
science and reading scores for those students that participated in a STEM-based academic
program. Olivarez used a quantitative causal-comparative design in which she examined
103 eighth grade students at middle school located in a lower socio-economic
neighborhood in South Texas. The researcher employed independent t-tests, chi-square
analysis, and a MANOVA to compare means of standardized tests scores from students
who participated in STEM programs and those who did not. The results of the study
revealed students participating in STEM programs where teachers utilized project-based
learning, collaborative learning, and hands-on instruction achieved higher academic gains
in mathematics, science, and reading compared to students not participating in STEM
programs.
However, in her 2016 study, Wade-Shepherd (2016) observed an increase in
achievement scores in math and science at the eighth grade level but not the seventh
grade for students participating in STEM-based education. Using a quantitative approach,
the researcher investigated impact of STEM education on seventh and eighth grade
student achievement in mathematics and science. Wade-Shepherd examined standardized
assessment data from 2,071 students from four suburban middle schools in west
Tennessee. Using a Pearson-r test, the researcher found a significant, strong, positive
correlation between the science and mathematics scores of students enrolled in STEM
education classes compared to those not enrolled in STEM courses.
Similarly, in their 2011 study, Young et al. (2011) examined the effects of a largescale inclusive STEM school initiative in Texas through a 4-year longitudinal study. The
researcher tracked standardized achievement data for 9th grade Texas STEM academy
students over the course of 4 years. The researcher matched and compared this data with
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data from students in a traditional high school using a combined exact matching and
propensity score matching method. In this comparison, she observed a subject-specific
advantage rather than an overall effect on student performance. Scores from 9th-grade
math and 10th-grade math and science indicated STEM-school students scored slightly
higher than their non-STEM match.
Given the number of variables in each respective study, it is difficult to ascertain
specific factors for these inconsistencies. One can postulate that any measured effect on
student achievement relies heavily upon the nature of the instruction and effectiveness of
the instructor. McClain (2015) stated past researchers concluded, “supportive teachers,
high expectations, rigorous curriculum, and student engagement,” (pp. 17-18) are all
crucial elements for student achievement.
While the effect of STEM education on student achievement tended to be a focus
in studies throughout the literature, researchers often discussed cursory benefits that
accompanied this educational model. As STEM-based environments created opportunity
for learners to engage in deep contextual learning that, in most cases, was relevant to
their individual interests, they elicited a strong sense of positive motivation within the
student (NAE & NRC, 2014; Riskowski, 2009). Meyrick (2010) noted:
These STEM programs include powerful pedagogical practices centered on the
student’s active learning, including cross-curricular integration, project-based
learning, authentic and alternative assessments, writing literacy via research and
reflection, creating partnership with the business community, and solving or
attempting to solve authentic, real-world problems. (p. 2)
Through the blending of inquiry-based instruction and real-life problem solving, students
gained exposure to authentic scenarios in which they utilized higher order thinking. In
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this holistic environment, learners developed an understanding which allowed them to
recognize links between their classroom content and real-world tasks. This metacognition
can make learning more relevant as students can directly apply it to their own lives
(Rockland, et al., 2010).
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Chapter III: Methodology
The purpose of this study was to investigate if schools that obtained an
AdvancED STEM Certification experienced an effect on student achievement. To obtain
an AdvancED certification, schools must meet a specific set of criteria and standards and
undergo an on-site review from a team of representatives from AdvancED (AdvancED,
2018). As this process often spans several years and can involve a great deal of resources
and institutional change, it was of particular interest to the researcher to examine how
these certification efforts influenced student achievement. The researcher analyzed Endof-Grade (EOG) assessment scores from 20 Georgia elementary schools that obtained
AdvancED STEM certification. The researcher compared assessment data from the two
years pre-certification to data from two years post-certification to identify any
measurable effect.
Research Design
The researcher conducted this study using quantitative methodology, particularly
a causal-comparative design, whereby the researcher examined extant student
achievement data over a four-year span with the treatment occurring in the middle of this
timeframe (Creswell, 2003). The researcher chose a causal-comparative design to
ascertain any measurable effect on achievement data caused by an institution’s
acquisition of a STEM certification from AdvancED. The causal-comparative design was
appropriate for this study as it allowed the researcher to examine a dependent variable in
relation to an independent variable (Creswell, 2003). In the context of this study, extant
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student achievement served as the dependent variable while certification status served as
the independent variable. The researcher employed an independent sample t-test to
examine any difference between the means of pre-certification achievement scores and
post-certification scores.
Though the literature is laden with studies where the researcher examined the
impact of STEM education and its implementation, there was a distinct gap in the
literature in regards to the impact of STEM certification. Additionally, the literature
contained research regarding STEM education at the high school level but was sparse in
studies that focused primarily on elementary grades. It was the hope of the researcher that
the results of this study would provide both a positive addition to the relevant body of
knowledge and a useful tool for educational leaders regarding institutional planning and
judicious resource allocation for STEM education.
Population
The population for this study included 20 elementary schools from the state of
Georgia that earned a STEM certification from the AdvancED accrediting body. These
schools met the inclusion criteria for the study: the attainment of a STEM certification
from AdvancED and four consecutive years of homogeneous student achievement data
consisting of two years pre-certification and two years post-certification in
English/Language Arts, Mathematics, Science, and Social Studies. Through an online
data dashboard, the Governor’s Office of Student Achievement (GOSA) provided a
complete set of data for the years in study (Governor’s Office of Student Achievement,
2019). Additionally, the population of Georgia schools that earned this STEM
certification primarily consisted of elementary schools, which was a primary interest to
the researcher.
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Of this population, 10 schools earned AdvancED STEM certification in spring of
2016. For these schools, the researcher identified the two years pre-certification as being
the 2014-15 and 2015-16 academic years. In turn, the researcher considered the 2016-17
and 2017-18 academic years as the two years post-certification. Likewise, the other 10
schools earned STEM certification in spring of 2017. For these schools, the researcher
identified the two years pre-certification as being the 2015-16 and 2016-17 academic
years and 2017-18 and 2018-19 as the post-certification academic years.
Data Collection
Georgia’s Department of Education (GDOE) established a comprehensive
summative program called the Georgia Milestones Assessment System (Georgia
Department of Education, 2019b). This system was the state’s approach to measuring
student mastery of content standards in English Language Arts, mathematics, science,
and social studies. As part of this system, the state delivered end-of-grade (EOG)
assessments at the conclusion of each school year. Students in grades three through eight
completed assessments in English Language Arts and mathematics while students in
grades five and eight completed additional tests in science and social studies. The
purpose of theses metrics was to inform parents, students, and the public about
achievement and next-level readiness. These milestones also served as a key element in
Georgia’s state system of accountability (Georgia Department of Education, 2019b).
The Georgia Milestone system incorporated a leveled scoring system consisting
of four achievement levels. These achievement levels included: Beginning Learners,
Developing Learners, Proficient Learners, and Distinguished Learners. Beginning
Learners did not yet demonstrate proficiency and needed substantial academic support for
next-level readiness. Developing learners demonstrated partial proficiency and needed
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additional academic support for success at the next level. Proficient learners
demonstrated proficiency and are prepared for the next grade level. Distinguished
learners demonstrated AdvancED proficiency and were well prepared for the next level
(GDOE, 2019). It should be noted that students identified as Proficient or Distinguished
learners are considered by the assessment standards to be prepared for the next grade
level. For this reason, officials often used the sum of these two categories in data
comparison as it related to student preparedness and achievement (GDOEb, 2019).
All data collected by the researcher were extant in nature. Each year, GOSA
compiled student achievement data and presented it to the public through an online data
dashboard (GOSA, 2019). The researcher obtained all testing data for this study through
this outlet. The researcher exported all pertinent data from this dashboard to Microsoft
Excel format for organization.
Analytical Methods
The researcher employed an independent sample t-test as the avenue for statistical
analysis of the data. Morgan (2004) noted that a t-test is appropriate when a researcher
examines the means from two groups in search of a potential statistical difference.
Furthermore, a researcher may employ an independent sample t-test when the two groups
of study are independent and unrelated.
As a parametric statistical test, the independent t-test made several assumptions
the researcher must address before completing the analysis. An initial assumption is the
dependent variable is measured on a continuous scale. In the case of this study, the
dependent variable was student achievement. Next, the independent variable should
consist of two independent and unrelated groups. For this study, the unrelated groups
consisted of the group pre-certification and the group post-certification. Use of an
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independent t-test also assumed the dependent variable is approximately normally
distributed for each group. Lastly, the dependent variable should exhibit homogeneity of
variance that insures the distribution of scores around the mean are equal (Morgan,
2004).
Using extant data from the Georgia Department of Education, the researcher
identified 20 schools that earned a STEM certification from AdvancED. The researcher
obtained each institution’s end-of-grade assessment scores for the two years prior to
certification and two years post certification. These scores spanned four content areas:
English Language Arts, Mathematics, Science, and Social Studies. Student achievement
fell into four categories: Beginning Learner, Developing Learner, Proficient Learner, and
Distinguished Learner. The categories of Proficient Learner and Distinguished Learner
represented scores meeting grade-level-expectations and next-level readiness (GDOEb,
2018). Information from student data in these two categories allowed the researcher to
provide population means for the independent sample t-test.
The researcher used IBM SPSS Statistics software to analyze all data. To address
the assumptions of the independent sample t-test, the researcher first assessed the
normality of the means by using a Shapiro-Wilks test. This metric identified the presence
of a normal distribution for both sets of means and provided a significance value allowing
the researcher to accept or reject a null hypothesis that the sample is normally distributed.
Additionally, the researcher visually examined histogram data to assess the closeness of
the curve of normal distribution. This test also provided insight into the skewness and
kurtosis of each distribution.
To assess homogeneity of variance, the researcher performed a Levene’s test.
This test provided a significance value that allowed the researcher to accept or reject a
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null hypothesis that there was no homogeneity of variance and accept an alternate
hypothesis that homogeneity of variance was present across the means. Once the
researcher addressed all assumptions, an independent sample t-test was completed for
each content area. The independent sample t-tests output provided a significance value
that allowed the researcher to either reject or accept the null hypothesis that the
independent variable of STEM certification status had no effect on test scores.
Reliability and Validity
As part of their use and development of the Georgia Milestones Assessment, the
GDOE issued a brief in 2018 outlining how its assessment system ensured reliability and
validity. This brief pointed out that the GDOE adheres to the Standards for Educational
and Psychological Testing (American Educational Research Association, American
Psychological Association, & National Council on Measurement in Education, 2014).
This brief described the process the GDOE employed to ensure validity. The
writer submitted that the GDOE achieved validity by first establishing a clear
identification of the purpose for the assessment. The next step was test development,
which started with the state’s academic content standards. Committees of educators then
decided which concepts and skills would be assessed and how. Professional assessment
specialists then wrote the assessments, which committees of Georgia educators reviewed
to ensure curricular alignment and to identify potential bias. After several rounds of field
tests, the committee completed a final test for administering. The GDOE stated it could
ensure the Georgia Milestone Assessment System contained valid testing instruments
because methodically attended to each step in the test development process (GDOE,
2018b).
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In regards to reliability, in the same 2018 briefing, the GDOE outlined its use of
Cronbach’s alpha reliability coefficient as a statistical measure for reliability. This
statistical tool measured consistency and the degree to which the test assessments
produced stable scores for the same group of students if the test were to be repeated. The
GDOE reported that the assessments were consistent and reliable for their intended
purpose (GDOEb, 2018).
Limitations and Delimitations
The researcher conceded the study possessed some limitations that were beyond
the ability of the researcher to control. The researcher analyzed assessment data for four
content areas across 20 Georgia elementary grade levels. While students in all grade
levels participated in end-of-grade assessments for ELA and mathematics, the GDOE
only administered elementary science and social studies assessments at the fifth gradelevel. Additionally, the researcher only examined scores at the school level and did not
investigate scores at the student level. This may have provided additional insight.
Moreover, the geographical radius of schools in the study’s population was
limited. In some cases, the researcher eliminated schools from certain states based on
incomplete data reporting, lack of homogeneity across testing years, or uncertainties
surrounding test validity, as was the case with the state of Tennessee’s testing data. For
these reasons, the researcher selected schools from the state of Georgia because they
presented the most complete and homogenous span of achievement data.
Additionally, the primary independent variable of study was STEM certification
status, which the researcher labeled as pre-certification or post-certification. The
researcher acknowledged that a change in student achievement could be a result of a wide
array of factors and not solely the attainment of a STEM certification through AdvancED.
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As part of establishing boundaries in the study, the researcher selected the
delimitations to include only elementary grade-level schools. The researcher recognized
this as a gap in the literature as most research related to STEM education is geared
toward secondary grade levels. While this delimitation limited the scope of the study to
specific grade levels, the researcher felt the study would still be a valuable addition to the
overall body of knowledge.
Assumptions of the Study
The researcher assumed the 20 institutions included in the study followed all
guidelines set forth by the state in regard to administering and reporting all end-of-grade
assessments. The researcher assumed the achievement data reported by the Georgia
Department of Education were accurate and complete.
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Chapter IV: Analyses and Results
The purpose of this study was to investigate if schools that obtained an
AdvancED STEM Certification experienced an effect on student achievement. The
researcher examined standardized achievement data from a population of 20 Georgia
elementary schools. These schools obtained a STEM certification through AdvancED .
Using data across four content areas, English Language Arts, mathematics, science, and
social studies, the researcher compared means of testing data from two years precertification to two years post-certification. The results of this study filled gaps in the
literature pertaining to elementary STEM education and institutional STEM
certifications. Additionally, these results could be a valuable resource that aides school
leaders in institutional planning and responsible resource allocation.
Data Analysis
The researcher utilized an independent samples t-test to compare the means of the
two populations. The independent samples t-test made several assumptions the researcher
addressed before proceeding.
Table 1 indicated the results of a Shapiro-Wilks Test that assessed the normality
of the distributions. The researcher accepted the null hypothesis that the data did not
significantly deviate from a normal distribution.
Table 1
Shapiro Wilks Test
Cert_Status

Statistic
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df

Sig.

Sci_Score

Math_Score

ELA_Score

SS_Score

PreCert

.973

40

.254

PostCert

.967

40

.187

PreCert

.951

40

.035

PostCert

.964

40

.203

PreCert

.970

40

.189

PostCert

.946

40

.083

PreCert

.959

40

.181

PostCert

.939

40

.040

Research Questions
Research question 1. Based on data from the Georgia Department of Education,
do elementary schools that obtained an AdvancED STEM certification experience an
impact on standardized achievement scores in English Language Arts?
H0: Obtaining an AdvancED STEM certification has no statistically significant
effect on standardized elementary English Language Arts achievement scores.
H1: Obtaining an AdvancED STEM certification has a statistically significant
effect on standardized elementary English Language Arts achievement scores.
The researcher ran an independent samples t-test with SPSS to determine if there
was a significant difference in Georgia’s elementary English Language Arts (ELA)
achievement scores between pre-AdvancED STEM certification and post-AdvancED
STEM certification. Based on the Levene’s test for equality of variances, the assumption
of equal variances was met (F = .004, p = .950). The researcher determined there was not
a significant difference between the English Language Arts scores in pre-certification and
post-certification in Georgia elementary schools that obtained an AdvancED STEM
certification (t = -.0.94, p = .926). As the p-value was not below the established alpha
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level of 0.05, the H0 was accepted. Though it was not a significant difference, the postcertification ELA scores (M = 55.806) was slightly higher than pre-certification scores
(M = 55.077).
Table 2
English Language Arts Equality of Means t-test
Sig.
ELA Score

t

df

(2-tailed)

Mean
Difference

-.063

78

.950

-.340

Research question 2.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Mathematics?
For the second research question, the researcher tested the following hypotheses:
H0: Obtaining an AdvancED STEM certification has no statistically significant
effect on standardized elementary mathematics achievement scores.
H1: Obtaining an AdvancED STEM certification has a statistically significant
effect on standardized elementary mathematics achievement scores.
The researcher ran an independent samples t-test with SPSS to determine if there
was a significant difference in Georgia’s elementary mathematics achievement scores
between pre-AdvancED STEM certification and post-AdvancED STEM certification.
Based on the Levene’s test for equality of variances, the assumption of equal variance
was met (F = .034, p = .854). The researcher determined there was not a significant
difference between mathematics scores in pre-certification and post-certification in
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Georgia elementary schools that have obtained an AdvancED STEM certification (t = .521., p = .605). As the p-value was not below the established alpha level of 0.05, the H0
was accepted. Though it was not a significant difference, the post-certification
mathematics scores (M = 56.4425) was slightly higher than pre-certification scores (M =
52.3930).
Table 3
Mathematics Equality of Means t-test

t
Mathematics Scores

df

-.682

78

Sig. (2tailed)

Mean
Difference

.497

-3.742

Research question 3.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Science?
For the third research question, the researcher tested the following hypotheses:
H0: Obtaining an AdvancED STEM certification has no statistically significant
effect on standardized elementary science achievement scores.
H1: Obtaining an AdvancED STEM certification has a statistically significant
effect on standardized elementary science achievement scores.
The researcher ran an independent samples t-test with SPSS to determine if there
was a significant difference in Georgia’s elementary science achievement scores between
pre-AdvancED STEM certification and post-AdvancED STEM certification. Based on
the Levene’s test for equality of variances, the assumption of equal variance was met (F =
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.007, p = .934). The researcher determined there was not a significant difference between
science scores in pre-certification and post-certification in Georgia elementary schools
that have obtained an AdvancED STEM certification (t = -.143, p = .887). As the p-value
was not below the established alpha level of 0.05, the H0 was accepted. Though it was not
a significant difference, the post-certification science scores (M = 51.030) was slightly
higher than pre-certification scores (M = 49.9255).
Table 4
Science Equality of Means t-test

Science Scores

t

df

Sig. (2tailed)

-.462

78

.646

Mean
Difference
-2.592

Research question 4.
Based on data from the Georgia Department of Education, do elementary schools
that obtained an AdvancED STEM certification experience an impact on standardized
assessment scores in Social Studies?
For the fourth research question, the researcher tested the following hypotheses:
H0: Obtaining an AdvancED STEM certification has no statistically significant
effect on standardized elementary social studies achievement scores.
H1: Obtaining an AdvancED STEM certification has a statistically significant
effect on standardized elementary social studies achievement scores.
The researcher ran an independent samples t-test with SPSS to determine if there
was a significant difference in Georgia’s elementary social studies achievement scores
between pre-AdvancED STEM certification and post-AdvancED STEM certification.
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Based on the Levene’s test for equality of variances, the assumption of equal variance
was met (F = .017, p = .896). The researcher determined there was not a significant
difference between the social studies scores in pre-certification and post-certification in
Georgia elementary schools that have obtained an AdvancED STEM certification (t = .266, p = .823). As the p-value was not below the established alpha level of 0.05, the H0
was accepted. Though it was not a significant difference, the post-certification social
studies scores (M = 41.485) was slightly lower than pre-certification scores (M = 43.253).

Table 5
Social Studies Equality of Means t-test

Social Studies Scores

t

df

Sig. (2tailed)

Mean
Difference

-.245

78

.807

1.767

Summary of Results
This study examined what effect obtaining an AdvancED STEM certification had
on elementary achievement scores. The researcher was guided by four research questions
focusing on four content areas: English Language Arts, mathematics, science and social
studies. The researcher utilized an independent sample t-test to compare the means of precertification test data to post-certification test data. Each research question possessed a
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null hypothesis that stated that obtaining the certification would result in no statistically
significant effect in achievement scores.
The independent sample t-tests for all four content areas produced p-values
greater than our established alpha levels of 0.05. This forced the researcher to accept the
null hypothesis and reject the alternative that obtaining an AdvancED STEM certification
did not have an effect on elementary student achievement.
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Chapter V: Conclusions and Recommendations
The purpose of this study was to investigate if schools that obtained an
AdvancED STEM Certification experienced an effect on student achievement. As
political and educational leaders have placed more emphasis on STEM education, the
amount of government funding focused on its proliferation has only increased (Uy,
2009). One approach to STEM education is an institutional certification through a state
department of education or an independent accrediting agency. Parents often view
schools obtaining these certifications as academically superior to their non-STEM
counterparts (Judson, 2014; Rogers-Chapman, 2014; Sahin, 2013). The researcher used a
quantitative analysis to compare achievement levels in twenty Georgia elementary
schools that obtained a STEM certification through AdvancED. The researcher compared
two years of pre-certification scores from end-of-grade assessments in English Language
Arts, mathematics, science, and social studies to scores from two years post-certification
to identify any statistically significant difference.
Discussion and Conclusions of the Study
The evidence from this study indicated elementary schools in Georgia that
obtained an AdvancED STEM certification did not experience an increase in
achievement in any content area. It is the opinion of this researcher that though the
criteria for certification is stringent and the standards are lofty, the investments put forth
to obtain the certification are not reaping rewards in the classroom in terms of
standardized assessment scores. This is a difficult conclusion to reach when a great deal
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of resources are often part of planning and preparation in certification efforts. One might
conjecture that a measurable effect would have at least been evident in science and
mathematics because these content areas are foundational in STEM education; however,
no such effect was evident in this study. These findings should be useful for educational
leaders as they make informed decisions on how to allocate financial resources to ensure
their investments reap an academic return.
Moreover, this study addressed specific gaps in the literature. The body of
knowledge was scant in research that focused specifically on STEM achievement at the
elementary levels. As the focus on STEM education grows, more school leaders will
study the value of completing a STEM certification. This study provided insight that by
simply pursuing a STEM certification, an institution cannot be guaranteed a positive
academic return. Additionally, the research was limited on studies that examined content
areas beyond the traditional STEM disciplines of mathematics and science. The results of
this study indicated certification efforts led to no significant increase in achievement in
any content area.
Additionally, the literature was sparse in research that examined the effect STEM
certifications had on student achievement. The standards an institution must meet to earn
such a certification are strenuous and often require a significant amount of resources,
focused professional development, and years of pedagogical shifts. It is the opinion of the
researcher that many public institutions in the United States, especially in lower
socioeconomic areas, do not have ancillary funds available to invest in policies and
educational shifts that will not yield positive academic returns. This study should prove
significant to those leaders tasked with making difficult decisions regarding their
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judicious allocation of fiscal resources. If the efforts yield little or no academic return,
school leaders may choose to direct resources to other avenues.
It is also of value to note that while the researcher analyzed quantitative data,
there are numerous qualitative aspects of integrating STEM education and pursuing a
STEM certification that may justify the cost and labor. Sanders (2009) corroborated this
conjecture by pointing to impacts on academic interest and levels of student motivation.
When the core tenets of STEM such as project-based learning, real-world problemsolving, and interdisciplinary learning environment are established within an institution,
the curriculum is viewed as more rigorous and academically superior (Judson, 2014;
Rogers-Chapman, 2013; Sahin, 2013). The measure and effect of these qualitative
elements simply cannot be measured by our current style of standardized assessments.
This truth makes it nearly impossible to generate a definitive conclusion as to the true
effect of STEM education and efforts to implement it within an institution.
Implications for Practice
The results of this study offer several implications for educational leaders. As the
analysis of the assessment scores did not indicate the efforts put forth to obtain an
AdvancED STEM Certification resulted in a positive change in achievement, leaders may
use this information to reexamine institutional plans relating to STEM initiatives. To
obtain a STEM certification, many schools must enact a high degree of pedagogical and
infrastructural shifts. School leaders may use the results from this study to make informed
decisions relating to the fiscal feasibility and how or if they should proceed with STEM
implementation win their institution.
Though the results of this study stemmed from a quantitative analysis of
achievement data, it is evident through the current body of knowledge that positive
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qualitative aspects often accompany STEM education efforts (Sanders, 2009). While
some school leaders may view the results of this study and feel that pursuing STEM
initiatives is not a financially sound decision, they must also understand that not all
positive effects will be evident in achievement levels only. School officials should also
examine to what extent STEM education changes school culture and shifts the overall
atmosphere of learning within an institution. These measures cannot be evaluated solely
through quantitative tests such as end-of-year assessments. As previous researchers
indicate, a positive effect on student motivation and self-efficacy, leaders should not
discount the pursuing of STEM education in their schools simply due to the lack of a
statistically significant increase in achievement as measured in standardized test scores.
As STEM education is becoming more pervasive, it is imperative that educational leaders
either look to redesign standardized assessments to reflect what level students are
engaging in STEM-based skills or develop a separate metric that focuses on measuring
these skills specifically. As many of the benefits of STEM education evolve from STEMbased skills such as problem-solving and critical-thinking, it is imperative that we can
assess student growth within these skills. Leaders can use results from those metrics
coupled with standardized test data to make a significantly more informed and valid
decision on the nature and future of STEM education in their institutions.
Recommendations for Future Research
Based on the results of the study and the information found in the review of
literature, the researcher has several recommendations for future studies related to the
topic of study. As this study analyzed two years of pre-treatment achievement data
compared to two years of post-treatment data, it might be of interest to examine the
effects of a STEM certification over a larger time span. As it often takes several years to
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fully and effectively implement pedagogical shifts, a study in which the researcher
examines test data over a three to five-year period could yield different results.
Additionally, the researcher in this study focused on standardized state assessment
data. It is possible that by analyzing an alternate form of data, the impact of the
certification would present differently. Just as many factors influence student
achievement, many variables determine the true effect of such a large pedagogical shift in
the case of STEM certification. While quantitative student data may not result in a
statistically significant outcome, there are many qualitative aspects to implementing such
broad and sweeping changes involving STEM education. It would be of interest to
examine the perceptions of students and teachers related to how integrative STEM
education alters the learning environment, school culture, and student self-efficacy.
The researcher limited this study to elementary schools in the state of Georgia
only. Similar studies focusing on elementary schools in other states would be a positive
addition to the body of knowledge. Moreover, the literature is limited in research related
to elementary STEM achievement (Judson, 2014). For this reason, any quantitative study
focusing on elementary STEM achievement would aide in filling this gap in the literature.
Additionally, the standards and requirements for obtaining an AdvancED STEM
certification are rigorous. Meeting these standards require an institution to assess and
alter most aspects of their instructional practices, professional development, and to some
extent, infrastructure. It would be of interest to select a sample of schools that have
obtained this certification and perform a case study to examine the depth to which these
institutional changes are received and implemented by faculty and staff.
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